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Question (1): (15 Marks)
a) Using the moment-area method, determine the
slope at A and the deflection at D.
b) Using the conjugate beam method, determine A
the slope at B and the deflection at C. e D 7%7
| |

40 kN 140 kN

c) Sketch the elastic curve of the beam. 4 | 2 4m
El = 1x10" kN.m? =
Solution: 40 kN A 40 kN
a) Reaction: A l B
+0 Y Mg =0 ,% C D A
Ay (10) -40x6+40x4 =0 > Ay=8kN 1 A= 8 kN 4 2 4m 8 kN
By=8kN | I 32 |/
The bending moment diagram is as shown. AMHTrrm\
L1l

The slope at A (6h) Wﬂj}/ Moment
(kN.m)

t
Gy =-BLA 32
10 e

tga = E[AreaABXB] '

= é[(lx4x32)(6+%) +(5x1x32)(5+3) + (-5 x1x32)(4+1) + (—%x4x32)(%)]

IS Elastic curve
_320_ 320 _gopp A — B
El 10000 VA
D/A 60
© O :tBJ = 0032 =0.0032 rad = 0.1833° |‘9A =0.1833° C)I )
10 10 Tangent at A vy tB/A
The deflection at D (5,)
Oop= tpp—6 O
Applying the second moment-area theorem, then
tpa = % [First moment of area of M - diagram between Aand D about D]
1 - 1 704 704
= |Area,n.Xpn == |2 x4x32)(2+2)+ (2 x1x32)(1+ 2) + (-1 x1x32)(% = =
El [Areao X ] El & J@+3)+(G JA+3)+ (=3 @) 3EI  3x10000

=0.023467 m

© op = 0.023467 — 6(.0032) = 0.004267 m |5D =4.27 mm TI

With my best wishes
Dr. M. Abdel-Kader



b) The bending moment diagram is as shown. 40 kN l 4 40 kN

The resulting moment diagram is then A B
loaded to the conjugate beam. C ) 7;
For the conjugate beam, determine B 7% g
the elastic reaction (ra and rg). A=8kN | 4 2 il 8 kN
To determine the elastic reaction at A (Ra) take moment about B: 32 v
RA(10) - (64)(6+35) — (16)(5+ %) +(16)(4+3) + (64)(%) =0 /4 T;T[;“mrrh\
SRy=321 > Rg=321 + ﬂ/ Moment
(kN.m)
(o)

Slope at B = Rg/ El =32 /10000 = 0.0032 rad = 0.1833°

Op=0.1833° U

Deflection at C = Mc / El = [32(4) — 64(4/3)] / 10000
oc =128 /30000 = 0.004267 m

IcSc =4.27 mm lI

C) 5=4.27 mm
c

d~—>", .0 S

0c=4.27 mm
Elastic curve

Jnax=6.03 mm at 2.82843 m from A or B

With my best wishes
Dr. M. Abdel-Kader



